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LUBRICANT COATING FOR EXPANDABLE 
TUBULAR MEMBERS 

Background of the Invention 
This iDvention relates geneially to coupling at leest one tubular member to a 
piccxisting structure. The at least one tubular member may be for example, a wcllboro 
casing, an underground pipe or a structural support. For convenience* the invention vdli be 
described hereinafter with reference to wcltbore casinga. 

Conventionally* when a wellbote is created, a number of casinga arc iiTstalled in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of 
drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in interv^ whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously Installed easily of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of smalls 
diameter than the casing of the upper interval. Thus, the cssings are in a nested 
airangement with casing diameters decreasing in downward direction. Cement annuii are 
provided between the outer surfaces of the casings and the borehole wall to seal the casings 
from the borehole wall. As a consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the wcUborc. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large drill bits 
and increased volumes of drilling fluid and drill cuttiogs. Moreover, increased drilling rig 
time is involved due to required cement pumping, cement hardenir^g, required equipment 
changes due to large variations in hole diamatm drilled in the course of the wdU and the 
largo volume of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores. It has been proposed to form wellbore 
casings using expandable tubular members, and the present invention is particularly 
directed to improving methods and apparatus using at least one expandable tubular 
member. 

Summary of the Lrvention 
30 According to a first aspect of the present invention, a method of coupling an 

expandable tubular assembly including at least one tubular member to a preexisting 

- 1 - 
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fttroctiitty comprising coating the interior surfaces of the at least one tubular members with 
a lubricant; positioning the coated at least one tubular member within a preexisting 
struoturp; and radially expanding the coated at least one tubular member into contact with 
the preexisting structure using an expansion cone that engages the coating. 
5 Also accordiiig to the first aspect of the present invention, an ^^paiatus is provided 

diat comprises a preexisting stnietuie and at least one tubular member coupled to the 
preexisting structure by the proce$$ of coating the interior sur&ce of the at least one 
tubular member with a lubricant; positioning the coated at lea^t one tubular member within 
a preexisting structure; and radially expandiug (he coated at least one tubular member into 
10 contact with the preexisting structure u^g an expansion cone that engages the coating. 

According to a second aspect of the present invention^ there is provided a method 
of coupling an expandable tubular assembly including at least one tubular member to a 
preexisting structure^ comprisiiig coating the interior sur&ce of the at least one tubular 
member with a first part of a Mbricant; posidoiung the coated at teast one tubular member 
15 wilhiti a pieexisthig structuce; chrculadng a fhildic material including a second part of the 
hibricant into contact with the coating of the first part of the lubricant; and radially 
expanding the coated at least one tubular member into contact with die preexisting 
structure using an ^pansion cone that ei^ages the coating. 

Also according to the second aspect of the present invention, there is provided 
20 apparatus, comprising: a preexisting structure and at least one tubular member coupled to 
the preexisting structure by the process of coating the interior surface of the at least one 
tubular member with a first part of a lubricant; positioning the at least one tubular member 
widiin a preexisting structure; circulating a fluidic material having a second part of the 
lubricant into contact with the coating of the first part of the lubricant; and radially 
25 escpandmg the coated at least one tubular member into contact with the preexisting 
strvoture using an expansion cone thai engages the coating. 

Brief Description of the Drawings 
Embodiments of the present invention vidll now be described by v/ay of example 
only* with reference to the accompanying drawings in which: 
30 Fig. 1 is a flow ehait illustiating a prefenred embodteent of a method for coupling 

a plurality of tubular members to a preexisting structure. 

.2- 
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Pig. 2 is cross sectional illustration of a plurality of tubular membeis including in 
internal coating of a lubricant 

Fig. 3 is a fragmentary cross sectional illustration of the radial expansion of the 
tubular membm of Fig. 2 into contact witfi a preexisting strocturei and 
S Fig» 4 is a flow chart illostrftting an alternative pre&md embodiment of a method 

fbr coupling a plurality of tubular membos to a preexisting structure. 

Detailed Description 

A method and apparatus for coupling tubular members to a preexisting structure is 

provided. The internal surfaces of the tubular members are coated with a lubricant. The 
10 tubular members are then radially expanded into contact with a preexbting structure. In 

several ahemative embodiments* the method and i^aratus are used to foim and/or repair a 

weUbore casing» a pipeline, or a structural support 

In Fig. 1, a preferred embodiment of a method 100 for forming and/or repairing a 

wdlbore casing, pipeline^ or structural support includes the steps pfi (1) providing one or 
IS more tubular members in step ICS; (2) applying a lubricant coating to the interior walls of 

the tubular member? in step 1 1(^ (3) coupling the firat and second tubular members in step 

113; and (4) radially expanding the tubular members into contact with the preexisting 

structure in step 120. 

As illustrated in Fig. 2, in a preferred embodiment, in step 10S» a first tubular 
20 member 205 having a first threaded portion 210 and a second tubular member 21 S having a 
second threaded portion 220 are provided. The first and second tubular members^ 20S and 
21 S, may be any number of conventional commercially available tubular members. In a 
preferred embodiment, the first tubular mmber 20S includes a recess 22S containmg a 
sealing member 230 and a retaining ring 235. In a preferred embodiment, the first and 
2S second tubular members, 205 and 210, are ftirther provided substantially as disclosed in 
US Patent No. 6»497,289 and Australian Patem No. 767364; Australian Patent No. 770008; 
Austrafian Patent No, 771884; US Patent No. 6,328,113; US Patent No. 6,640.903; US 
Patent No, 6,575,240; US Patent No. 6.557,640 and Australian Patent No. 773168; US 
Patent No. 6,604,763 and filed as AU 37920/00; Australian Patent No. 776580; US Patent 
30 No. 6,564,875; US Patent No. 6^68,471 . 

In a preferred embodiment, in step 110. a coating 240 of a lubricant is applied to 
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ihe interior suztices of the fim and second tubular members, 205 and 215. The coaling 
240 of lulrricQnt may be applied prior to^ or after» Ihe first and second tubular members, 
205 and 215* are eoupled. The coating 240 of lubricant may be applied using any number 
of conventional methods such as, for example* dipping, tnjeaing* spraying, sputter coating 
5 or electrestatic depositloit In a prefened embodiment, the coating 240 of lubricant is 
chemically* mechamcally. and/or adhesively bonded to the interior surfaces of the first and 
seeond tiibular members, 205 and 21S* in order to optimally provide a durable and 
consistent lubricating efiect * In a prefened embodiment, the force that bonds the lubricant 
to the interior surftcea of the flrst and second tubuhu* members* 205 and 215, is greater 
10 than the dtear toKt applied during the radial expansion process. 

In a piefbned embodiment* the coating 240 of lubricant is applied to the interior 
suifiices of the first and second mbular members, 205 and 215, by first applying a phenolic 
primer, to the interior sur&ces of the first and second tubular members, 205 and 215. and 
then bonding the coating 240 of lubricant to the phenolie primer using an antifriction paste 
IS having the coating 240 of lulmcant carried in an epoxy resin. In a preferred embodiment*, 
the aatifiictian paste includes, in parts by weight, 40-80 epoxy resin» 15-30 molybdenum 
disulfide* 10-15 graphite* 5-10 aluminum* 5-10 copper» 8-15 alumisilicate, and 5-10 
polyethylcnepolyamine. tai a preferred embodinmii, the anUfiiction paste is provided 
substantially as disclosed in U.S. Patent No. 4^29,238. 
20 The coacixv 240 of lubricant m^ be any number of conventional commercially 

avaitable lubricants such as, for example, metallic soaps or zinc phosphates. In a preferred 
embodiment, the coating 240 of htbricant is compatible with conventional water* oil end 
synthetic 1>ase mud formulations. In a preferred embodiment, the coating 240 of lubricant 
reduces metat-to-metal fiictiowd forces* preferably by about 50%* and provides a 
25 coefficient of dynamic friction of between about 0.08 to 0.1 during the radial expansion 
piocess. In a preterred embodiment, the coating 240 ot lubricant does not increase the 
toxicity of cozxvcotional base mud formulations and will not shear in ^nthetic mud. In a 
piefened embodhneat, the ooating 240 of lubricant is stable for temperatures ranging from 
about -100 to 500°F (-73 to 260^). In a preferred embodiment, the coating 240 of 
30 liAricant is stable when expo^ to shear stresses. In a preferred embodiment* the ooating 
240 of lubficant is stable for storage periods of up to about 5 years. In a preferred 
embodiment* tilie coating 240 of lubricant provides corrosion protection for expandable 

-4- 
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tubular membeis during storage and transport 

la a preferred embodiment^ the coating 240 of lubricant includes sodium, calcium^ 
and/or zinc steaiutes; and/or zinc and/or manganese phosphates; and/or C-Lubc-10; and/or 
C-Phos-58^; and/or C*P]ios-58-Ri aod/or polytctrafluoxoethylene (PTFB); and/or 
5 molybdcaom disulfide and/or metallic soi^b (stearatas, oledte$» etc..) in order to 
opIunaUy imvide a coating of hibricant. In a pieferred embodiment, the coating 240 of 
lubricant provides a sliding coefficient of friction less than about 020 in order to optimally 
reduce the force required to radially expand the tubular members, 20S and 215» using an 
expand cone. 

10 In a prefcmd embodiment, in step llS, the first and second tubular members^ 205 

and 2 IS, are coupled. The first andf second tubular members, 205 and 215, may be coupled 
using a threaded connection, or, altemativcly, the ilrst and second tubular members. 205 
and 215^ may be coupled by welding or brazing. In a preferred embodiment, the first and 
second tubular mranbers, 205 and 215, are coupled substantially as disclosed in the above 

15 US and Australian patent specifications. 

As ilhistrated in Fig. 3, in steps 120, the first and second tubular members 205 and 
215 are then positioned within a preexisting structure 505, and radially expanded into 
contact ^th the interior walls of the preexisting structure 505 using an expansion cone 
510. Use tubular mcmbcn 205 and 215 may be radially expanded into intimate contact 

20 with the interior walls of ^ preexisting structure 505, for example, by: (I) pushing or 
pulling the expansion cone 510 through the interior of the tubular members 205 and 215; 
and/or (2) pressurizing the region within the tubular members 205 and 215 behind the 
esqiansion cone 510 with a fluid. In a pre&rred embodiment, one or more sealing members 
515 are fuidier provided on the outer surface of the tubular members 205 and 215, in order 

25 to optimally seal the interface between the radially expanded tubular members 205 and 2 1 5 
and the interior walk of tte preexisting structure 505. 

In a prefemd embodiment^ the radial expansion of the tubular members 205 and 
215 into etmlacl with Che int^or walls of the preexisting sinicture 505 is performed 
substantially as disclosed in one or more of die above US and Australian Patent 

30 specification. 

As illustraled in Fig, 4, an alternative embodiment of a method 400 for forming 
and/or repairing a wellbore casing, pipeline, or structural suppori includes the steps of : (1 ) 

-5- 
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providing one or more tubular members io step 405; (2) applying a coating including a first 
part of a lubricant to the interior walls of die tubular members in step 410; (3) coupling the 
fint and second tubular members in step 415; and (4) radially expanding the tubular 
members into contact with the preexisting stniemre wlule also circulating fluidic materials 
5 into contact with the interior walls of the tubular members having a second part of the 
lubricants step 420» 

In a preferred embodiment, in step 410, a coating inchiding a first part of a 
lubricant is applied to the interior walls of the tubular members, 205 and 21 5. 

In a preferred embodbnent> the fir^t part of the hibricant forms a fust part of a 
10 metallic soap. In m prefctred embodiment, the first part of the lubricant coating inohKles 
zinc phosphate. 

In a prefencd embodiment, in step 420» a second part of the lubricant is circulated 
within a fhtidic camcr into contact with the coating of the first part of the hibricant applied 
to the interior walls of the tubular members. 205 and 215. In a preferred embodiment, the 

15 Bxsx and second parts react to form a lubricating layer between the interior walls of the 
tubular memberSj 205 and 215, and the exterior suifkce of the esquinsion cone. In diis 
manner, a lubiicatittg layn is provided ia exact concentration, exacdy when and where it is 
needed. Furthermore, because the second part of the lubricant is circulated in a carrier 
fluid, the dynamic interface between the interior surfaces of the tubular members, 20S and 

20 215, and the exterior surface of the expansion cone 510 is also preferably provided with 
hydrodynamic lubrication. In a preferred embodiment, the first and second parts of the 
lubricant react to fonn a metallic soap. In a preferred embodiment, the second part of the 
lubricant is sodium, calcium and/or zinc stearate. 

In several experimental exemplary embodiments of the methods 100 and 400, the 

25. following observations were made regarding lubricant coatings for expandable tubular 
members^ 

(1) boundary hibrication vrith a lubricant coatmg havii>g high adhesion (kugh 
film/shear strength) to tfie expandable tubular is the single most important 
lubricant/lubiication process in the radial expansion process; 
30 (2) hydrodynamic lubrication plays a secondary role in the lubrication process; 

(3) expandable tubular lubricant coating ofiers the more reliable and more 
effective form of boundary lubrication; 
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(4) a liquid lubricant viscosity and/or film strength that provides effective, 
consistent boundary lubrication typically limits the effectiveness of 
additives for the mud alone to provide the necessary lubrication while 
maintaining drilling fluid piopertiea (rheology, toxicity); 
S (S) consistent reductions of 20 to 2S percent in propagation force during the 

radial expansion process (compered to micoatcd expandable tubular control 
results) were obtained wth the following dry fibn coatings: (1) 
polytctrafluoroethylene (PITE), (2) molybdenum disulfide, and (3) metallic 
aoap (9tcarates), these results arc for laboratory tests on one inch diy pipe, 
10 in the absence of any drilling fluid; 

(ti) a 20 to 25 percent reduction In propagation force during the radial 
expansion process was observed; 

(7) synthetic oil muds do not typically provide sufficient, reliable lubrication 
ftartmcoated pipe; 

15 (8) the coefficient of fiiction for expandable tubular lubricant coath^ remains 

essentially constant across a wide temperature range; 
(9) the expected application range for expandable tubular casing expansion is 
between 40« F and (4 to 204''C), this range is well within the 
essentially constant range for coefficient of friction for good coatings; and 

20 (10) good extreme pressure boundary lubricants have a characteristic of 

performing better (lower coefficients of friction) as the load increases* 
coefficients of friction between 0.02 and 0<08 are reported for some 
coatings. 

In a preferred embodinnent, the optunum lubrication for fat*situ expandable tubular 
2S radial expansion operatioois using &c methods 100 and/or 400 includes a combination of 
hibrication techniques md hibricants. These can be summariaxd as follows: (1) extreme 
pressure lubricatits/liibrication techniques; and (2)hydrDdymDnic lubricaltm from the fluid 
in the pipe duriiig expansioa 

Extreme pressure lubrication is preferaUy provided by: (1) liquid extreme pressure 
30 lubricants added to the fluid (e.g., drilling fluid, etc) in contact with the internal surface of 
the expandable tubular during the radial expansion pn}cess> and/or (2) solid lubricants 
added to, or contained within, the fluid in contact with the internal siu:&ce of the 

.7- 
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expandable tubular member duting the radial expansion process, and/or (3) solid lubricants 
applied to the internal surftoe of the expandable tubular member to be radially expanded, 
Mid/or (4) combinations of (l^ (2) and (3) above. 

Liquid extreme pit»$ore lubricant addidves preferably woHc by chemically 

5 adhering to or being strongly attracted to the surfkce of the expandable tubular to be 
expanded. These types of liquid extieme pressure lubricant additives preferably form a 
fOm' on the surGioe of the ejq^andable tubular member. The adhesive strength of this film 
is preferably greater than the shearing force along the internal surface of die expandable 
tubular member during the radial expansion process. Thb adhesive force is referred to as 

10 film strength. The iilm strength can be increased by increasing the viscosity of the fluid. 
Common viscosifiers, such as polymeric additives* are preferably added to the fluid in 
contact with the internal sur&cc of the expandable tubular member during the radial 
expansion process to increase lubrication. In a preferred embodiment, these liquid extreme 
pressure lubricant addithres include one or more of the following: polyacrylamide 

15 polymers, AMPS-aciytamide copolymers, modified cellulose derivatives such as, for 
example, hydroxyethylcellulose, caiboxymetbylhydroxyethyl cellulose, polyvinyl alcohol 
polymers* polyvinyl acetate polymers, polyvinyl alcohol/vinyl acetate copolymers, 
polyvinyl pynrolidone and copolymers including polyoicfins* latexes such as, for example^ 
styrene butadiene latex, urethane latexes, styrene-maleic anhydride copolymers, viscosity 

20 index improvers for motor oils such as polyacrylatc esters» block copolymers including 
styrene, isoprene butadiene and ethylene, cdiylenc acrylic acid copolymers. 

In a prcfcnrod embodiment, extreme pressure lubrication i$ provided using solid 
lubricants that are applied to the internal surface of the expandable tubular member. These 
solid lubricants can be applied uaii% various conventional methods of applying a film to a 

25 surface. In a preferred embodiment, diese solid lubricants arc qjplied m a manner that 
ensures that die solid lubricanU remain on the surfkce of the expandable tubular member 
during installation and radial expansion of the expandable tubular member. The solid 
lubricants preferably include one or more of the following: graphite, molybdenum 
disulfide, lead powder, antimony oxide, poly tetrafluoroethylcne (PTFE), or silicone 

30 polymers. Furthermore, blends of these solid lubricants are preferred. 

In a pieferred embodiment, the solid lubricants are ai^lied directly to the 
expandable lubulais as coatings. The coating of the solid lubricant preferably includes a 

,8. 
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binder to help hold or fix the solid lubricant to the e?4»adable tubular. The binders 
preferably include curable resins sueh as» for example^ epoxies» aertlic, urea- 
Ibnnaldehyde, melamUie formaldehyde^ fbran based resins, acetone fi»inaldehyde» 
phenolic^ alkyd trains, silicone modified alkyd resins, etc. The binder is preferably selected 

$ to withstand the expected tempeiature xange^ pH» salinity and fluid typc9 during the 
installation and radial expansion operations. Polymeric materials are preferably used to 
bind the solid lubricants to the expandable tubular such as» for example. '*sclf-odhesive" 
polymers sueh as tho$e copolymers or terpolymeis based upon vinyl acetate, vinyl 
chloride^ maleic anfaydridoAnaleic add, and ethylene-acrylic acid copolymers, ethylene^ 

10 methacryllc acid copolymers and ethylene*vinyl acetate copolymers. In an alternative 
mbodiment, the solid lubricants axe applied as suspensions of fine particles in a carrier 
solvent without the presence/use of a chemical binder. 

)n a preferred embodiment, the solid lubricant coating and the liquid lubricant 
additive (added to tiie fluid in contact with the internal surface of the expandable tubular 

IS member during the radial expansion pmeess) interact during the radial expansion process 
to improve the ovexall lubrication. In an exemplary embodiment^ for phosphate solid 
lubricant coatings, manganese phosphate is preferred over zinc or iron ^osphate because 
it more effectively attracts and retains liquid lubricant additives such as oils, esters, 
amides, etc. 

20 In a preferred embodiment^ solid lubricant coatings use binders that provide low 

friction that is enhanced tmder extreme pressure conditions by the presence of the solid 
lubricant. Preferred solid lubricant coatings includes one or more of the following: 
graphite, molybdenum disulfide, silicone polymers and polytetrafluoioctbylcne (PTFB). In 
a prcfened embodiment* blends of these materials are used since each material has 

25 lubrication charac^stics that pptimalty work at different stages in the radial expansion 
piccess. In a preferred embodimem, a solids dry film lubricant coaling for the internal 
suriiiee of Oie expandable tubular includes: (1) 1 to 90 percent solids by volume; (2) more 
jKceferablyi 5 to 70 percent solids by volume; and (3) most preferably^ 15 to 50 percent 
solids by volume. In a preferred embodhnent, the solid lubricants include: (I) S to BO 

30 percent graphite; (2) 5 to 80 percent molybdenum disulfide; p) 1 to 40 percent PTFE; and 
(4) 1 to 40 percent silicone polymers. 
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In several exemplary embodiment, the liquid lubricant additives include one or 
more of. the following: (1) csfcis including: (a) organic acid esters (preferably fatty acid 
esters) such as, for ascainple, trimethylol propane, isopiopyl, penterithritol, n-butyU etc.; (b) 
glycerol tri (acetoxy stennitc) and N, W ethylene bis 12 hydroxystearatc and octyl 

S hydioxystearate; (c) phosphate and phosphite such as^ for mample^ butylated triphenyl 
phosphate and isodiphcnyl phos^te; (Z) sulfiirized natural and synthetic oils; (3) 
alkanolamides suck as, for example, coco dicthanolaroido; (4) amines and amine saRs; (S) 
olefins and polyolefins; (6) C-8 to C-18 linear alcohols and derivatives containinfi or 
consisting of esters^ amineSh carboxylates, etc; (7) overbased sulfonates such as. for 

10 example, calcium sulfonate, sodium sulfonate, magnesium sulfonate; (8) polyethylene 
glycols; (9) silicones and siloxanes such as, for example, dimethylpolysitoxanes and 
fluorosih'conc derivatives; (10) dtaiooyl phenols; and (11) ediylene oxide/propylene oxide 
block copolymers* 

Where a liquid lubiicant is injected into contact with the expandable tubular 

15 assembly, (he liquid lubricant material may be selected from: polyaciylamide polymers, 
AMPS*acrylBmide copolymers, modified cellulose derivatives* hydroxyethylcellulose, 
carboxymethyl. hydroxyethyl cellulose, polyvinyl alcohol polymers, polyvinyl acetate 
polymers, polyvinyl aicohoyVinyl acetate copolymers, polyvinyl pyirohdone, copolymers 
iodudiiv polyolefuis, latexes, sQnrene butadiene latex, urethane latexes* styrene-maleic 

20 anhydride copolymers* viscosity index improvefs for motor oils, polyacrylate eaters, blocic 
copolymers including styrene, isoprene butadiene and ethylene^ efliylene aciylic acid 
copolymers, esters, organic acid esters, trimethylol propane, isopropyl, penterithritoU 
n-butyl, glycerol triacetoxy steazate, N,N* ethylene bis 12 hydroxysteaxate, octyl 
hydioxystearate. phosphate, phosphite, butylated triphenyl phosphate, isodiphenyl 

25 phosphate, sulfurized natural oils, synthetic oils, alkanolamides, coco dicthanolamtdc, 
amines, amine aalts, olefins, polyolefins, C-8 to C-18 linear alcohols and derivatives 
mctuding esters, amloes» carboxylates, overbased sulfonates, calcium sulfonate, sodium 
sulfonat0| magnesium sulfonate, poty^ylene glycols, silicones, siloxa&cs, 
dimethylpolysiloxanes, fluorosiliGone derivadves, dinonyl phenols, and ethylene 

30 oxide/ipropylcnc oxide block copolyroers. In a preferred embodiment, the injected 
lubricant material includes a soHd lubricant material. In a preferred embodiment, the solid 
lubiicant matonal is selected from the group consisting of: gmphite, molybdenum 
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disulfide, lead powder, antlmoDy oxide, poly tetrafiuoroethylene» and $iliconc polymers. 
In a preferred embodiineiity the method further includes: coating the interior surfaces of the 
tubular members with a lubricant prior to positioning tiie tubular members within the 
preexisting structure. In a prcfcncd embodiment, the lubricant coating includes a first part 

S cth lubricaiiiig substance; and die iiyceted hibricatiiig material includes a second part of 
fhe lubdcatiiig substance. 

A mcdiod of coupling an oKpandable tubular assembly including one or more 
tubular mmhm to a ptecxMn^ stnsetuxt has been desenbed that includes: coating the 
interior sudaces of the tubular membeis with a first part of a lubricant, positiomng the 

10 tubular members within a preexisting structure^ circulating a fluidic material including a 
second part of the lubricant into contact with the coating of the first pan of the lubricant^ 
and radially expanding the tubular members into contact with the preexisting stniciure. In 
a preferred embodiment, the lubricant includes a metallic soap. In a preferred 
embodiment, the lubricant is selected firom the group consisting of sodium, calcium, and/or 

15 sine slearatc9» sine phosphates, manganese phosphate, C-Lube*10, C-PHOS-58-M, and C- 
PHOS-SS-IL In a piefened embodiment^ the lubricant provides a sliding friction 
coeEBcient of less than about 0.20. In a prefi^ned embodiment, the first part of the 
lubricant is chemically bonded to the interior surfaces of the tubular members. In a 
piefimd embodiment, the first pan of the lubricant is mechanically bonded to the intenor 

20 smftoesoftbe tubular members. In a preferred embodiment, the first part of the lubricant 
b adhesively bonded to the interior surfiice of die tubular members. In a preferred 
embodiment, the method iiirther includes: combining the first and second parts of the 
lubricant to generate the lubricant 

Apparatus has been described that includes a preexisting structure and one or more 

25 tubular members coupkd to the preexisting structure. The tubular members are coupled to 
the preexisting structure by the process of: coating the interior surfaces of the tubular 
members with a first part of a fubricant, positioning the tubular members within a 
peexisting stmctuxe. circulating a fluidic materials having a second part of the lubricant 
into contact with the coatmg of the first part of the lubricant^ and radially expanding the 

30 tubulBr members into contact with the preexisting structuie. In a prefenred cmbotfimcnt, ^ 
the lubricant includes a metallic so^. In a preferred embodiment, the lubricant is selected 
fiom the group consisting of sodium, calcium, and/or zine stearates, zinc phosi^iates, 
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mangaacsc phosphate, C Lube-lO, C-PHOS-58-M» and C-PHOS-58-R. In a preferred 
embodiment^ the lubricant provides a sliding friotion coefficient of less than about 020. In 
a prefencd embodiment* the first pan of the lubricant is chemically bonded to the inlefior 
surftces of the tubular members. In a jncfen^ embodiment* the first part of the lubricant 

5 is mechanicail)^ bonded to the tntetior sur&oes of the tubular members. la a preferred 
embodiment, the first part of die lubrieant is adhedvdy bonded to the interior surface of 
the tubular members. In a pccfeirod embo<fiment, the apparatus fiirther includes comUning 
the first and second parts of the lubricant to generate the iubrica&t. 

Although this detailed description has shown and described illustrative 

10 embodiments of the invention^ this description contemplates a \tfide range of modifications, 
changes, and substitutions. In some instances, one may employ some features of the 
present invention wid)OUt a corresponding use of the other features. Accordingly^ It is 
dppiopriate that readers should construe the appended claims broadly* and in a manner 
consistent with the scope of the inventloiL 

IS The reference to any prior art in this specification is not, and should not be taken 

as, an acknowledgment or any fi»ra of suggestion that that prior art forms part of the 
conunon general knowledge in Australia. 

Throughout this specification and the claims which follow, unless the context 
requires otherwi$e» the word ''oomprise"^ and variations such as "comprises" and 

20 "comprising^, will be imderstood to imply the inclusion of a stated integer or step or group 
of integers or steps but not the exchision of any other integer or step or group of integers or 
steps. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A modiod of coiq>ling an expandable tubular assembly indttding al least one 
tnbular member to a preexisting structure, oomprising: 
S coating the interior surfiice of the at ieast one tubular member with a hibricant; 

poaittoning the coated at least one tubular member within a preexisting structure; 
and 

radially expanding the coated at least one tubular member mto contact with the 
preexisting structure using an expansion cone that engages the coating. 

10 2. A method of coupling an expandable tubular assembly including at least one 
tubular member to a preexisting structure^ comprising: 

coating the interior surface of the at ieast one tubular member with a first part of a . 
lubricant; 

positioning the coated at least one tubular member within a preexisting stnscture; 
IS circulating a fluidic material including a second part of the lubricant into contact 

with the coating of the first part of the l\d>iicanfi and 

radially expanding the coated at least one tubular member into contact with the 
preexistiz^ structure u$ing an expansion cone fhat engages the coaling. 

3. The method of claim 1 or 2, wherein the at least one tubular member comprised a 
20 wellborc casing. 

4. The method of claim 1 or 2, wherem the at least one tubular member comprises an 
imderground iHpe. 

5. The method of clum 1 or 7, wherein the at least one tubular member comprises a 
strucUiral support 

25 6. The method of claim l\ wherein the coating of lubricant is chemically bonded to 
the interior surface of the at least one tubular member 

7. The method of claim 1 , vdieiein the coating of ld>ricant is mechanically bonded to 
the interior surface of the at least one tubular member. 



-13 



COMS ID Na 8BMk0136S400 ReceiMd by IP Awtmlii: Hme (Hm) 17:94 Date<Y-M-d) 200&O7.20 



2i3-07-'05 17:14 FBOM- 



T-316 Paif2/I«a F-MZ 



8. Tbo method of claim 1 » wherein the coating of lubricant is adhesively bonded to the 
interior surfitGc of the at least one tubular member. 

9. The method of claim 1, wherein the coating of lubricant includes: 
a primer coafing coupled to the mterior surface of the at least one tubular member; 

S and 

a coating of an antifriction paste coupled u> the primer. 

10. The method of claim K wheiein the coating of lubricant includeS) in parts by 
wclgbt: 

40*80 ^xy resin» 15-30 molybdenum disulfide^ 10<1$ graphite, S^lO 
10 alirniinum, S-10 copper, B<1S alumisiiicate, and 5-10 

polyethylenepolyamine. 

1 1. The method of claim 1 or 2> wherein the lubricant comprises a metallic soap. 

12. The method of claim 1 or 2, wherein the lubricant comprises zinc phosphate, 

13. The method of claim 1 or 2» wherein the lubricant provides a coefficient of 
15 dynamic friction of between about 0.08 to 0.1. 

1 4. The method of claim 1 or 2. wherein the lubricant comprises one or more of: 
so<Uum stearetes» calcium steara(es» zinc stcoFBles, zinc phosphate, manganese 
phosphate. C-Lube-10^ C-Phos-58-M> C-Phos-58-R, polyletrafluoioelhylene» 
molybdenum disulfide, and metallic soaps. 



•••• 



• • • 



20 1 S. The method of claim 1 or 2, whetein the lubricant provides a sliding cocfiicicnt of 
fiiction less firnn about 0.20. 

1 6. The method of claim 1 or 2» wherein the lubricant comprises one or more of: 

polyacrylamide polymers, AMPS-acrylamide copolymers, modified cellulose 
derivatives, hydroxyethylcellulosc, carboxymethyl hydroxyethyl cellulose, 
25 polyvinyl alcohol polymers, polyvin^ acetate polymers, polyvinyl alcohol acetate 

copolymersi polyvinyl vinyl acetate copolymers, polyvinyl pynolidone and 
copolymers inchiding pdyolefins, latexes, styrcnc buta£enc latex, urethane 
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IfttcxeSy styrend-maleic annhydride copolymers^ viscosity index improvers for 
motor oil^ polyacryUte esters, block copolymers including styrene, block 
copolymets including isoprene butadiene, block copolymers including ethylene, 
and ethylene aciylic aoU copolymers. 

1 7. The method of claim 1 or 2, wherein the lubricant comprises one or more of 
graphite, molybdenum disulfide, lead powOer, antimony oxide, poly 
tetcafUioroethylcne, and silicone polymers. 

18. The method of claim 1» wherein the coating of lubricant comprises: 
a solid lubricant; and 

a binder. 

19. The method of claim 1 g» wherein the binder is selected from: 

epoxy, acrylic, urca-foimaldehyde, melamine formaldehyde, furan based resin, 
acetane Ibnoaldehyde, phenolic, alkyd resins, and silicone modified alkyd resin, 

20. The method of claim 1 8, wherein the binder is selected ftom; 

vinyl acetate, vinyl chloride, maleic annhydnde* maleic acid, ethylcnc-acrylic acid 
copolymers, ethylene-mediacrylic acid copolymera. and ethyiene-vinyl acetate 
copolymers. 

21. The method of claim 1 or 2, wherein the lubricant comprises a suspension of 
particles in a carrier solvent. 

22. The method of claim 1 or 2^ wherein the lubricant comprises one or more of: 
manganese phosphate, zinc phosphate, and iron phosphate. 

23. The method of daim I or 2, wherein the lubricant comprises: 
about 1 to 90 percent solids by volume. 

24. The mediod of claim 23, wherein ihc lubricant comprises: 
about S to 70 percent solids by volume. 

25 . The method of claim 24, wherein the lubricant comprises: 
about IS to SO percenl solids by volume. 
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26. The method of claim 1 ch- 2, wherein the lubricant comprises: 
about 5 to SO percent graphite; 

about 5 to &0 percent molybdenum disulfide; 
about 1 to 40 percent PTFE; and 
S about 1 to 40 percent riUeone polymers. 

27. The method of claim 1 or 2, wherein the lubricant comptises Me or more of: 
ester; 

sulftirized oil; 
allcanolamides; 
10 amine; 

amine salt; 

olefm; 

polyolefins; 

C-8 to C-18 linear alcohol; 
1 5 derivative of C*S to C-1 8 linear alcohol including ester; 

derivative of C-8 to C-18 linear alcohol including amine; 
derivative of C»8 to C-18 linear alcohol including carboxylate; 
sulfonate; 

polyethylene glycol; 
20 silicone; 

sfloxane; 
dino^yl iriieAol; 

ethylene oxide block copolymer; and 
propylene oxide block copolymer. 

25 28. Apparatus, comprising: 

a preexisting etruoture; and 

at least one tubular member coupled to Ae preexisting structure by the process of: 
coating the interior surface irf the at least one tubular member with a lubricant; 
positioning the coated at least one tubular member within a preexistii^ slructuie; 
30 and 

radially expanding the coated at least one tubular memb^ imo contact with the 
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preexisting strwiure using an expansion cone that engages the coating. 

29. Appamtas^ comprisii^ 

a preexisting structure; and 

at least one tubular member coupled to tiie preexisting structure by the process of: 
S coating the interior sur&ce of the at least one tubular member with a first part of a 

lubricant; 

positioning the at least one tubular member within & preexisting structure; 
circulating a fluidic material having a second part of the lubricant into contact with 
the coating of the first part of the lubricant; and 
10 ladiaUy expanding (he coated al least one tubular member into contact with the 

preexisting structure using an expansion cone that engages the coating. 

30. The apparatus of claim 28 or 29» wherein the at least one tubular member 
comprises a wellbore casing. 

31. The apparatus of claim 28 or 29, wherein the at least one tubular member 
1 5 comprises an underground pipe. 

32. The apparatus of claim 28 or 29, wherein the at least One tubular member 
comprises a structural support 

33. The apparatus of claim 28, wherein the coating of lubricant is chemically bonded to 
the interior surface of the at least one tubular member. 

20 34. . The apparatus crfclaim 28^ whetdn the coating oflubricam is mechanicaUy bonded 
lo die interior surface of the at least one tubular member. 

35 , The apparatus of claim 28, wherein the coatiz^ of lubricant is adhesively bonded to 
the interior surface of the at least one tubular memt>er. 

36. The apparatus of claim 28, wherein the coating of lubricant includes: 

25 a primer coating coupled to the interior surface of the at least one tubular member; 

and 

a coating of an antifiiction paste coupled to the primer. 
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37. The apparatus of claim 2B, wheiein the eoating of lubricfiot includes, in parts by 
weight: 

40-80 epoxy resin, 15*30 molybdenum disulfide, lO-IS graphite, 5-10 aluminum, 
5-10 copper, 8*15 alumisiltcate, and 5-10 polyethylenepolyamine. 

5 38. Hue apparatus of claim 28 or 29» herein the lubricant comprises a metallic soap« 

39. The apparatus of claim 28 or 29. wherein the lubricant comprises zinc phosphate. 

40. The apparatus of claim 28 or 29, wherein the habricant provides a coefiGcient of 
dynamic fiiction of between about 0.08 to 0,1. 

41 . Hie apparatus of claim 28 or 29, wherein the lubricant comprises one or more ot 
10 sodium stearates, calciure steatates, 2tnc stearates, zinc phosphate, manganese 

phosphate^ C-Lube-lO* C-Pho8-58-M, C-Pbos-5S4l, polytetrafluoioethylene, 
molybdenum disulfide, and metallic soaps, 

42. The appaiatufi of claim 28 or 29, wherein the lubricant provides a sliding 
coefBcient of fiiction less than about 0.20. 

15 43 . The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of: 

polyacrylamide polymers, AMPS-acrylamide copolymers, modified cellulose 
derivatives, hydroxyetlvlcellulose, carboxymethyl bydroxyethyl cellulose, 
polyvinyl aleobol polymers, polyvinyl acetate polymen, polyvinyl alc<riiol acetate 
copolymers, polyvinyl vinyl acetate copolymers, polyvinyl pyrrolidone and 

20 copolymcis including polyolefins, latexes, styrene butadiene latex, uretbane 

latexes^ s^iene>maleic annhydride copolymers, viscosity Index improvers for 
motor oils, polyaciylate esters, block copolymers including styrene, block 
copolymers including isoprene butadiene, block copolymers including ethylene, 
and cttiylene acrylic acid copolymers. 

25 44. Hie apparatus of chum 28 or 29, wherein the lubricant coropxises one or more of: 

graphite, molybdenum disulfide, lead powder, antimony oxide, poly 
tetnifluoroethylene, and silicone polymers. 
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4St Hie apparatus of claim 2B» whereia the coating of lubricant comprises: 
a solid lubricant; and 
a binder. 

46. Tho apparatus of claim 4S» whcicin the binder is selected fiom: 

5 epoxy» aciylic» urea-formaldehydCy melamine formaldehyde, iuron based resin, 

acetone fonDaldebyde^ plienoUc^ alkyd resins^ and silicone modified alkyd resin* 

47. Hie apparatus of olaim 45, iwheitin the binder is selected irom: 

vinyl acctate» vinyl chloride, xnaieic annhydride» malesc acid» ethylecie-aetylic acid 
copolymera, ethylene-mettaacrylic acid copolymers, and etfayiene-vinyl acetate 
to copolymets* 

48* The apparatus of olaim 28 or 29, wherein the lubricant comprises a suspension of 
particles in a earner solvent. 

49« The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of: 
manganese phosphate, zinc phosphate, and iron phosphate. 

IS SO. The appantiis of cbtm 2t or 29» wherein the hibricant comprises: 
about 1 to 90 percent solids by volume. 

S 1 * The apparatus of claim SO, wherem the lubricant comprises: 
about 5 to 70 percent soUds by volume* 

52. The apparatus of claim S i » wherein the lubricant comprises: 
20 about 15 to SO percent solids by volume. 

53. The apparatus of claim 28 or 29. wherein the lulxicant comprises: 
about S to 80 percent graphite; 

about S to 80 percent molybdenum disulfide; 
about 1 to 40 percent PTFE; and 
2S about 1 to 40 percent silicone polymen. 

S4« The apparatus of claim 28 or 29, wherein the hibricant comprises one or more of 
the following: 
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ester; 

Bulfiirized oU; 
alkanolamides; 
amine; 
5 amine salt; 

olefin; 
polyolefina; 

C-8 to C-1 8 linear alcohol; 

derivative of C*B to C>18 linear alcohol including c»ter; 
10 derivative of C-B to C-18 linear alcohol including amine; 

derivative of C*8 to C*-! 8 linear alcohol including carboxyt^te; 
sulfonate; 

polyethylene glycol; 
silicone; 
IS siloxenc; 

dinonyl phenol; 

ethylene oxide block copolynter; and , 
propylene oxide block copolymer. 

20 SS. A method of coupling an expandable tubular assmbiy Including at least one 
tubular member to a preexisting sinicture, the method beii^ according to claim I or 
2, substantially as hereinbefore described with reference to the accompanying 
dialings. 

56. Apparatus accoi'ding to claim 28 or 29, substantially as hereinbefore described with 
25 reference to the accompanying dm^ngs. 

DATED thb 20'** di^ of July. 2005 
Shell hternatioaftk Research Maatschappij B*V. 
By DAVIES COLLISON CAVE 
30 Patent Attorneys for the Applicant 
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